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Abstract Recently mated male butterflies can not transfer as large a spermatophore as virgin 
males, and are much less rewarded by remating since a reduced spermatophore decreases 
paternity. In the present study, we tested a hypothesis that recently mated males should reduce 
their mating efforts until their spermathophore is replenished in the cabbage butterfly, Pieris 
rapae crucivora Boisduval. The field experiments revealed that males who had mated on 
average 1.8 days previously searched for females less frequently than virgin males did, although 
the female-searching frequency of males who had mated on average 2.7, 4.3 and 5.3 days 
previously was not significantly different from that of virgins. That result indicated that the 
recently mated males refrain from the costly mate locating behavior, although the previous study 
reported that males usually mated even the day after copulation under laboratory condition 
where mate location is not necessary. 
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Introduction 


In numerous animal species, males provide females with nutritional contributions during 
courtship and copulation. Such nuptial gifts may include captured prey, nutritional sub- 
stances produced by male accessory glands, or various male body parts (Thornhill & Alcock, 
1983; Andersson, 1994). Spermatophores represent a common form of nuptial gift transfer- 
red during mating in diverse animal species (Mann, 1984). Male spermatophores have been 
shown in some insect species to provide nutritional benefits that increase female reproductive 
output or contribute to female somatic maintenance, while such effects are lacking in other 
species (Boggs, 1990; Rooney & Lewis, 1999). Boggs (1990) suggests that such variation in 
the relative importance of male-derived nutrients to female reproduction depends on 
differences in adult diet and temporal patterns of female vitellogenesis. 


When male spermatophores are one of the most important nutrient sources for females, 
females gain direct rewards from multiple copulation. Polyandry results in intense sperm 
competition among males to select the ones that transfer a large spermatophore (Svärd & 
Wiklund, 1989). In some species it has been demonstrated that female refractory period 
increases with received spermatophore size (Sugawara, 1979; Rutowski et al., 1987; Ober- 
hauser, 1989; Kaitala & Wiklund,, 1995; Cook & Wedell, 1999). It follows that the males 
who transfer a larger spermatophore will fertilize eggs of a mated female longer. A large 
spermatophore is favorable when a multiply mated female gives priority to sperms of the male 
which transfers the largest spermatophores in fertilization (LaMunyon & Eisner, 1994; 
Bissoondath & Wiklund, 1997). In either case a male who transferred a large spermatophore 
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will be rewarded with enhanced reproductive success. In fact, males of polyandrous species 
make a large spermatophore and have the ability to replenish it at a high rate (Svärd & 
Wiklund, 1989). 


Spermatophore size is dependent on male mating history as well as his body size. A recently 
mated male transfers a significantly smaller spermatophore than a virgin male, and it takes a 
few days to replenish the spermatophore (Svärd & Wiklund, 1989). It is therefore likely that 
if a recently mated male succeeds in another mating, he would be rewarded with less 
reproductive success because of his smaller spermatophore. Such reduced reproductive 
success would not be worth the high energy and time costs incurred by intense mate-location, 
which is essential for males to copulate when scramble competition among males for access 
to females occurs (Odendaal et al., 1985). From this information, the following assumption 
can be made: a recently mated male should reduce mating effort until his spermatophore is 
replenished. 


The present study was designed to examine the above hypothesis in the cabbage butterfly, 
Pieris rapae crucivora Boisduval (Lepidoptera: Pieridae). This species is suitable for 
quantifying male efforts in mate-location, since scramble competition occurs among males 
(Suzuki, 1980; Ohsaki, 1982), which actively fly over host plants in search of females (Hirota 
& Obara, 2000a, b). Our primary aim is to reveal the influence of male mating history on 
their mate-locating behavior. 


Materials and methods 


Adult females were collected in Fuchu City, Tokyo, Japan in July, 1996. Females were 
allowed to lay eggs on the leaves of potted cabbage, Brassica oleracea (Rhoeadales: 
Cruciferae), in meshed cages (30 30cm, 45cm in height). The cages were kept in a 
mesh-walled tent in the field and eggs were allowed to develop into pupae under natural 
conditions. Thirty adult males derived from pupae on 29 July were anaesthetized with CO, 
gas on the day of emergence and marked with oil-soluble markers of different colors on the 
dorsal surface of their wings. 


Marked males were put into an outdoor cage (12*24m, 2m in height) in a field in the 
campus of Tokyo University of Agriculture and Technology. Cabbages were planted in a 
cultivated field of 10X20m inside the cage. Buckwheat, Fagopyrum esculentum 
(Polygonales: Polygonaceae), was planted in one corner (2 x 10 m) of the field and its flowers 
served as the nectar source for the butterflies. Every five minutes from 06 : 00 to 17: 00, one 
of us scanned the cabbage field and recorded which males were engaged in searching for 
females. The female-searching behavior of males was characterized by slow zigzag flight 
under and up to about 15 cm above the leaves of B. oleracea (Ohtani, 1985; Hirota & Obara, 
2000a). This behavior was observed frequently when the newly emerged females became 
available to males by female voluntary movement onto the upside of leaves (Hirota et al., 
2001). 


The observations were carried out on 4, 5,7 and 8 August. On those days, 22, 19, 17 and 17 
males survived in an outdoor cage, respectively (including two unmarked males who emerged 
there on 6 August). On 1 to 5 August, 8 males were released together with virgin females 
into a small cage (1X 0.5 m, 0.8 m in height) and were allowed to mate. When males mated, 
the copulating pairs were transferred into steel cages (10 cm in diameter, 15 cm in height) to 
keep them undisturbed by other butterflies. After the copulation terminated, the male was 
released into the outdoor cage. 
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Table 1. Female-searching frequency of virgin and mated males. 





























adult age (days) 6 7 9 10 

mean days after copulation | 1.8 2.7 4.3 5.3 

virgin males 34, 60, 65, 63, | 41, 53, 65, 68, | 41, 54, 57, 58, | 41, 44, 49, 71, 
70, 77, 82 79, 87, 90 75 74 

mated males 31, 39, 36, 42, | 15, 24, 53, 55, | 26, 32, 37, 47, | 9, 18, 33, 38, 
42, 42, 43, 44, | 56, 61, 64, 66, | 49, 55, 57, 57, | 46, 48, 49, 54, 
46, 50, 65, 69 | 76, 75 58, 58, 64, 65 | 57, 58, 72, 77 





We compared the frequency of female-searching behavior of mated males with that of virgin 
males using the Wilcoxon-Mann-Whitney test (Siegel & Castellan, 1988). The comparison 
was made using the data from the same day, since the meteorological factors fluctuating from 
day to day also have a strong influence on the female-searching time (Hirota & Obara, 20025). 
We did not use the data for mated males on the day when they copulated and were not 
allowed to search for the entire day (one male on 4 August and two males on 5 August). 


Result and discussion 


Table 1 shows the female-searching frequency of virgin and mated males. Six-day-old males 
who had mated on average 1.8 days previously searched for females less frequently than virgin 
males of the same age (Fig. 1; m,=7, mn=12; W= 16.5, p=0.029). This was not the case 
for males who had mated on average 2.7, 4.3 and 5.3 days previously. These earlier mated 
males searched for females less frequently than the virgin males of the same age, but significant 
differences between the two groups of males were not detected (Fig. 1; 7 days old, n,=7, m, = 
10, W.=19.5, p=0.139; 9 days old, m,=5, n,.=12, W.=24, p=0.573; 10 days old, n =5, 
n,= 12, W.=24.5, p=0.589). The results support the hypothesis that the recently mated 
males which could not transfer a large spermatophore would reduce their present mating 
efforts. Moreover, the result that males who had mated on average 2.7 or more days 
previously did not search for females less frequently than virgin males of the same age is 
consistent with the reports that male P. rapae who had mated 2 or more days previously can 
transfer as large a spermatophore as the virgin males can (Bissoondath & Wiklund, 1996; 
Kandori & Ohsaki, 1996). Thus, the recently mated males of P. rapae crucivora reduced 
their mate-locating efforts. The present study is the first report that evaluated the influence 
of mating history on the mate-locating efforts. : 


From the above results, however, it does not follow that the recently mated males avoid to 
copulate after encountering females. Males of P. rapae and P. napi usually remate in a 
small cage (0.80.8 0.5 m) even the day after copulation (Bissoondath & Wiklund, 1996). 
Under the circumstance females are close to males, no mate-locating bahavior is required for 
males. It might therefore be possible that recently copulated males can remate, despite their 
low reproductive success, if they do not need to spend time and energy locating a female. 
Thus, the recently mated males refrain from costly mate locating behavior but not the 
copulation itself. 


When the female is choosy, the courtship is also costly for males after encountering females. 
In checkered white butterfly, P. protodice, male willingness to court is correlated with their 
ability to produce spermatophore (Rutowski, 1979). Recently mated males abandon the 
courtship to females more rapidly than virgin males. That is not the case for P. rapae and 
P. napi since the newly emerged males also copulate (Bissoondath & Wiklund, 1996). It is 
consistent with the fact that the existence of strong female choice is not reported for P. rapae 
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Fig. 1. Female-searching frequency of virgin and mated males. Unshaded and shaded boxes 
indicate the interquartile ranges of virgin males and those of mated males, respectively. 
Thick lines and whiskers indicate medians and ranges, respectively. *, p<0.05, NS, p> 
0.05 (Wilcoxon-Mann-Whitney test). 


and P. napi. However, further study is necessary to reveal how female choice influences the 
reproductive strategy of newly mated males. 
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5 ge 
EY YUF aO: ALIENS 2A KAOREGROM (FH E.M 34) 


fA Cis, ZBL CHD ZOT AERA OT AIZEN S EPS RBALDES Alz#ER EW. ANS 
Tote te SIF 7e X Ald, ARCHES 4 Thr L, PERIL x ALK RB 
Le Lict ADF RESET Alb, BBL CHS ROA Al, SNE CB BHA ILA CX 
TRV. EC CHER, BBL CHD ZOT AIH ADITO V4 RCRA ET, KERJ ZAO 
CHR Dew ahs ev VnF ay CRAE LZ. WIM iE Us: 12K24K2m OF -—YNOF ¥ 
AY CHE LIKE, BEL Cio 18 ARAL Ret AePV—-PURBBOAALDO SARL ITH 
MDS ZED. Anz, ZBUCP SCHUTT 2745, 4340, 53 HRAL CR oF 
A Zw TTi, AARLITES RAICRREOF ALAR ELASNE Por. ZOMEN, 
ZEEE L CHAD HVA AGB PWD SES LIRR SZ. EASE CI, SRA FC 
A AWE LACS BRET SC EDERBAN TOAD, JERICROBRIZCANSONTOIAZBATC 
H0, BB LEA Olz HRA Rok. LPLAROBMZRE CW, FAIA Z 
RD TRaT—-VAPROESER< TARD RODT, BHBHAORMLDRECERORLRBDNS. 
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